Introduction
The photopolymerization technology has been atracting increasing attention to industrial applications along with more competative developments of peculiar photocurable materials. Photocuring of alkoxysilane derivatives have been reported [1] [2] [3] [4] . This paper deals with the photocationic reactivity of products by Michael addition reaction of multifunctional acrylate monomers with an alkoxysilyl alkyl thiol.
Experimental 2.1 Materials
Materials which were employed for this study are shown below. 
3) Photoinitiators
Two types of photoinitiators, a photocationic polymerization initiator as well as a photoradical polymerization initiator, were employed in this study. A 4% by weight of sulfonium salt type (CI-2758; Nippon Soda) was added. ( 50% soln.of ybutylolactone for the reason of its solubility) 1-Hydroxycyclohexyl phenyl-ketone (1RGACURE 184; Chiba Specialty Chemicals) was incorporated at 5% by weight.
Synthesis of oligomers having alkoxysilyl group
The three types of photocurable oliomers provided for this study were obtained by incorporating each one mole of NPGDA, TMPTA and PETTA with 2 , 3 ,and 4 moles of KBM 803, respeclively , by Micheal addition reaction at 70 -120 °C for 1.5 -2 hours with a tin compound accelerator. Figs. 1, 2 , and 3 show changes in IR spectra of each mixture before and after the reaction. Fig. 1 shows that an absorption peak in wave number ( hereinafter referred to as WN) 2568 cm-' specific to thiol group becomes smaller after the reaction. This finding reveals a reaction of the thiol group of KBM 803. 
Test methods
The test specimens were checked on pencil hardness, steel wool mar resistance, gel fraction (%) and heat resistance.
These test particulars can be used for assesing the curability or reactivity.
1)Pencil hardness
The test speciments were tested by means of a specified pencil for film hardness. The rating accorded to JIS-K-5400.
2) Steel wool mar resistance The steel wool mar resistance was judged by abrading the surface 10 rounds using class #0000 steel wool and checking the surface condition with the naked eye.
3) Gel fraction (%) The gel fraction (%) was approximately estimated in the following way.
Solvent-soluble matters were extracted with acetone from the free testfilm under refluxing for eight hours. The gel fraction was caluculated as eight hours. The gel fraction was caluculated as the percentage by weight of the insoluble matters to the total film. The time between setting out and free testfilm preparation wasfrom around half an hour to one hour. 4) Heat resistance The heat resistance waschecked by cracking of the film surface when the test specimens heated at 120 °C for half an hour.
Results and discussion
The three types of the oligomers produced above were examined on photocurability.
These test results are shown in Figs. 7 to 16. In addition, the polymerization process was discussed based on IR spectra shown in Figs. 17 -19. 3.1 Photocurability of NPGDA oligomers The photocurability of NPG-Si was compared to NPGDA , a mixture of NPGDA and y -mercapto propyltrimethoxysilane (1 to 2 by molar ratio), (NPG-BL), in the presence of a photocationic initiatior(4 % by weight of CI-2758, hereinafter referred to as CA), a photoradical initiator ( 5% by weight of IRGACURE 184, hereinafter referred to as RA), and a mixture of them ( 4+5% by weight), hereinafter refered to as CRA. Fig. 7 shows pencil hardness of the NPGDA series exposed to a UV irradiation of 500 mJ/ cm with these photoinitiators.
NPG provides a very low pencil hardness with the photoinitiators and NPG-Si has the highest pencil hardness with them. NPG including RA (photoradical initiator) provides a high gel fraction (%) and NPG-BL by no means polymerizes by use of the photoradical initiator and NPGDA-Si provides a high gel fraction (%) in the presence of the three type photoinitiators. Fig. 9 shows steel wool mar resistance of the NPGDA series with the photoinitiators.The steel wool mar resistance of NPG-Si is seen to be good and better in the use of CA. Fig. 10 shows relationship between gel fraction (%) of the NPGDA series and UV irradiation dose.
Although NPGDA ensures no gel fraction, NPG-BL provides a comparatively large gel fraction at a higher UV irradiation level of 500 mJ/ cni or more, and NPG-Si has the highest gel fraction even at a lower UV irradiation level of 250 mJ/cn or less. 3.2. Photocurability of TMPTA oligomer TMP-Si oligomer was examined on the photocurabirity in comparison with TMPTA , and a mixture of TMPTA and y -mercaptopropyltrimethoxysilane (1 to 3 by molar ratio)( TMP-BL), in the presence of CA (4% by wt.), RA (5%) by wt.) and CRA( 4+5% by wt.). TMP makes no polymer with CA, but it can polymerize with RA and CRA.
With respect to TMP-BL and TMP-Si, they provide a higher gel fraction (%) with CA and CRA.
Photocurability of PETTA oligomer
The photocurability of PETTA-Si oligomer was compared to PETTA only , and a mixture of PETTA and r -mercaptopropyltrimethoxysilane (1 to 4 by molar ratio)( PETTA-BL), with CA (4% by wt. ), RA( 5% by wt.) and CRA(4+5% by wt. ). Fig. 13 shows pencil hardness of the PETTA series irradiated with a UV of 500 mJicm with these three type photoinitiators.
As a result, although PETTA provides a very high pencil hardness of S -9H with RA and CRA, it does not polymerize with CA. Refer simultaneously to Fig. 14. with respect to PETTA-BL, it is proved to meaningfully cured, 3 -4H, with the photoinitiators.
As for PETTA-Si, it is very low in pencil hardness in the case of RA, though it is relatively higher , 5H, in the case of CA and CRA as well.
Fig. 14 shows gel fraction (%) of PETTA series with the photoinitiators. Each compound results in a high gel fraction with certain photoinitiators-RA and CRA for PETTA, and CA and CRA for PETTA-BL as well as for PETTA-Si. Fig. 15 presents steel wool mar resistance of PETTA series exposed to UV irradiation at 500 mJlc with the photoinitiators.
PETTA-Si offers the best steel wool mar resistance, rating of very good , in the presence of CRA. Fig. 16 shows heat resistance of PETTA series when heated at 120 °C for 30 minutes with CRA.
PETTA and PETTA-BL cause crack in the surface, but PETTA-Si makes no sign of crack.Judging from these results the oligomers having alkoxysilyl groups can be cured thoroughly with a suitable photoinitiator. In other words, they may offer excellent film properties.
3.4. Analytical observation based on IR spectra Photoreaction of the oligomers having alkoxysilyl groups can be followed by IR spectra.l changes. Fig. 17 draws IR spectra of NPG-Si films with CA after two and four passes at UV irradiation of 500 mJ/ctn/pass. An absorption peak at WN 890 cm-I and the other at WN 3384 cm-i , which are seen after the UV irradiation of two times, ensure the presence of silanol group Si-OH. In addition, another absorption peak at WN 1040 cm-I proves the formation of siloxane bond Si-O-Si. The disappearance of absorption peak at WNs 812, 1088 and 2840 cm1is due to that of Si-O-C bond. In other words, the alkoxy group of the alkoxysilyl group disappears.
With futher irradiation, the silanol group Si-OH decreases. This phenomenon may be caused by demethanolizing. Fig. 18 draws IR spectra of the TMP-Si with CA after one pass and four passes at UV irradiation of 500 mJ/ cnl . Fig. 19 draws IR spectra of the PETTA-Si with CA after two and four passes at UV irradiation of 500 mJ/ccrit The spectra in Figs. 18 and 19 are very similar to those in Fig. 17 
Conclusion
From results of this study on the photocurability of oligomers prepared from polyfunctional acrylates and r -mercaptopropyl-trimethoxysilane by Michael addition reaction, it can be approximately concluded that they satisfactorily polymerize with photocationic initiator on UV irradiation and their films provide a high hardness and mar resistance as well, and that the reaction proceeds from silanol formation to demethanolization and dehydration, leading to condensation, and polymerize (photocure) by chain reaction. 19 IR spectra of PETTA-Si oligomer with CA UV: two and four passes at 500 mJ/cni/pass
